P atients in the pediatric intensive care unit (PICU) are significantly burdened by sampling-related blood loss and anemia. In a multicenter study of anemia in the PICU, Bateman and colleagues 1 found that nearly three-quarters of patients were anemic, with the majority becoming anemic after admission. Patients sustained almost 3 times more blood loss from sampling in the PICU than from all other causes combined, making blood sampling by far the greatest contributor to hospital-acquired anemia, as well as a predictive factor for blood transfusions. Both anemia and blood transfusions in Bateman and colleagues' study had a negative impact on patients' recovery; patients who acquired anemia spent more days both in the PICU and on the ventilator, while patients who received blood transfusions had a higher risk of complications and death.
most scenarios in the PICU. [3] [4] [5] Valentine and Bateman 2 evaluated the impact of discard volumes and found that even with a conservative volume of 2 mL, discards more than doubled patients' sampling-related blood loss.
Push-pull is a method of sampling from CVCs without wasting blood. Instead of taking a discard, the method repeatedly withdraws and returns the patient's blood to clear the catheter before sampling. The push-pull method is a closed system, meaning that blood is withdrawn and returned without being disconnected from the catheter. By protecting blood from exposure to air and pathogens, closed systems reduce the risk of returning clotted or contaminated blood and are recommended by the Infusion Nurses Society's Infusion Therapy Standards of Practice (the Standards ). 6 Push-pull sampling and closed-system setups for discard returns are the only blood-sparing sampling methods included in the Standards .
6 (S86-S87) Although research evidence for returning discards is limited to the adult intensive care population, studies show that it can reduce sampling-related blood loss by half and blood transfusions by nearly half. [7] [8] [9] [10] Compared with closed-system setups for discard returns, push-pull sampling is less costly in its use of equipment and nursing time, but has a similar blood-sparing benefit for patients.
While research evidence supports the push-pull method for CVC sampling in both adult and pediatric populations, some common CVCs and laboratory tests have not been specifically studied. More evidence is needed to demonstrate the suitability of the push-pull method for drawing coagulation tests and blood gases, as well as for sampling from nontunneled CVCs and peripherally inserted central catheters (PICCs). Especially for pediatric PICCs with lumens smaller than 3 Fr, there is a lack of research on blood sampling in general and a need for studies supporting push-pull and other sampling methods.
PURPOSE
The goal of this evidence-based practice project was to:
• Standardize a push-pull protocol for the majority of laboratory tests and CVCs in the PICU se ng, and • Determine whether a standardized push-pull protocol could be safely and reliably used in the PICU as a rou ne sampling method.
LITERATURE REVIEW
In studies by Holmes, 11 Barton et al, 12 and Adlard, 13 pushpull sampling is supported for drawing metabolic panels and complete blood counts (CBCs) from adult and pediatric patients with implanted ports and tunneled CVCs. The volume of blood withdrawn and returned in these protocols ranges from 3 to 6 mL, and the number of times that blood is withdrawn and returned before sampling varies from 3 to 5 times; push-pull sampling was not associated with any risk of catheter occlusion or infection in the 2 studies that monitored catheter complications.
Studies by Chen et al, 14 Skolnik et al, 15 and Kontny et al, 16 support push-pull sampling for drawing drug levels from pediatric patients with implanted ports and tunneled CVCs using the dosing lumen (the lumen used for drug infusion). Withdrawn and returned volumes in these studies are 4 to 5 mL and are withdrawn and returned 4 to 5 times before sampling. Catheter occlusions and infections were monitored in Chen and colleagues' study 14 and were not identified as risks of push-pull sampling. Skolnik and colleagues' study 15 measured how much drug was removed from the dosing lumen by different flushing solutions and volumes, as well as by different withdrawn and returned volumes and repetitions. Of note, the study found that blood and albumin were more effective flushing agents than 0.9% sodium chloride and that a 3-to 6-mL flush of 0.9% sodium chloride was as effective as a 9-mL flush. A push-pull protocol of 5 mL withdrawn and returned 5 times was the only protocol tested by the study in vivo, but an in vitro protocol of 5 mL withdrawn and returned 3 times was found to be effective, clearing 99% or more of drug from the catheter.
A study by Penwarden 17 supports the push-pull method for drawing prothrombin time (PT) and international normalized ratio (INR) samples from adult patients with nonheparinized implanted ports. It is the only study to look at coagulation tests, and it used a push-pull protocol of withdrawing and returning 6 mL 4 times.
The infection risk of returning blood to a patient through a CVC is a common concern, although it is a risk that has not been well researched or confirmed. Evidence in the literature is limited to an older study by Hinds et al 18 in which discarded blood from CVCs of nonneutropenic pediatric oncology patients was subjected to both clean and unclean conditions and then cultured for the presence of fungal or bacterial microbes. The authors found no microbial growth in any of the cultures and concluded that blood returned through CVCs using aseptic technique was not a risk for infection.
Another concern that has not been researched adequately is the risk of introducing clots to a patient when returning blood through a CVC. Only 1 study, by Cosca et al, 19 has investigated this risk, but the study is older and has some significant limitations. The authors acknowledged that while clots were present in blood withdrawn from CVCs, the implications for returning blood are unclear because the filter (40 micron) used to identify clots was much smaller than a standard blood product filter (170 micron), and because clots could have been preexisting in the catheter and introduced to the patient any time the catheter was used. Another limitation is the excessive time (5 minutes) the blood was sitting outside the patient before being filtered.
IMPLEMENTATION
A standardized push-pull protocol for this project was determined by taking the average withdrawn and returned volume and the average number of repetitions, 4 mL 4 times, from a review of protocols in the literature. A 4-mL withdraw and return volume was also 6 times the average dead space (priming volume) of most CVCs used in the project, which is a recommended discard volume for drawing coagulation tests from heparinized catheters. 5 Standardized push-pull protocol ( Figure 1 ):
1. A ach a 10-mL syringe with 3 to 5 mL 0.9% sodium chloride to the catheter and fl ush using push-pause technique (a pulsa le fl ushing mo on that helps clear the catheter by crea ng turbulence in the lumen). 2. Keep the 10-mL syringe a ached, and use to withdraw and return 4 mL through the catheter a total of 4 mes. 3. A ach a new syringe, and withdraw sample(s) from the catheter. 4. A ach a 10-mL 0.9% sodium chloride syringe, and fl ush the catheter with 3 to 5 mL using push-pause technique.
This project was implemented as an evidence-based practice initiative on a 24-bed PICU and a 30-bed acute cardiac unit (ACU) at a quaternary children's hospital in the Southwest. Patient populations in the PICU and ACU were a mix of intermediate-acuity and high-acuity patients, including level 1 traumas; organ transplants; and those receiving medical, surgical, and cardiovascular intensive care. The project was presented to the institutional review board and exempted from oversight.
A convenience sample of PICU and ACU patients was used, with the following demographics and catheter data:
• Sample size: 37 pa ents, 88 total draws • Age range: 2 months to 23 years old; median age of 4 years • Gender: 24 male, 13 female • CVC types: 15 PICCs (6, 2.6 Fr; 6, 3 Fr; 3, 4 Fr), 19 nontunneled CVCs, 2 tunneled CVCs, 3 implanted ports • CVC infusions: 51% heparin locked (10 unit/mL), 2% sodium chloride locked, 11% total parenteral nutri on (TPN), 29% heparin-sodium chloride (1 unit/mL), 7% maintenance intravenous (IV) fl uids or medica ons • CVC approximate dead space, including extension tubing: 0.4 to 0.8 mL
Patients with the following CVCs and laboratory orders were identified for inclusion in the project:
The following CVCs and laboratory tests were excluded:
• PICCs smaller than 2.6 Fr • Transthoracic catheters • Coagula on tests for heparin tra on PICU and ACU nurses were educated about the project and trained in using the push-pull protocol. The following sampling instructions were also given:
• Access the CVC from the needleless connector at the hub; access CVCs infusing con nuous IV fl uids from the needleless connector on a stopcock very close to the hub ( < 0.4 mL dead space between the hub and the access port).
Figure 1
Standardized push-pull protocol .
whether the draw was done by standard practice or pushpull method and a random intercept term to account for within-subject correlation. Ninety-five percent confidence intervals were reported for the difference in mean laboratory values and for the binary method effect estimated from the mixed model; the boundaries of these intervals being within a clinically insignificant margin was interpreted as evidence for the equivalence of these methods. Push-pull and standard practice samples were not drawn at the same time, which makes it harder to establish equivalency between the 2 methods. Standard values were typically drawn and compared with push-pull values within 12 to 24 hours, but for ICU patients there could be significant changes during this time due to acute conditions, organ dysfunction, medications, treatments, and transfusions. However, because these factors had an equal chance of affecting both push-pull and standard samples, and for many patients the dataset included multiple samples from both methods, the authors expected that these factors would not bias the results in any systematic way. For unstable ICU patients, the reliability of push-pull values was also evidenced by the consistency of values with clinical history, condition, and treatment.
RESULTS
No significant differences were found in the means within each subject between the 2 methods, as evidenced by P values > .05 and clinically reasonable confidence intervals and mean differences ( Table 1 , Figure 2 ) . The mixed-model analysis found a statistical difference in glucose that was not clinically significant ( Table 2 ) ; glucose values from the pushpull technique were an average of 7.5 points lower than standard values with a confidence interval of 1.92 to 13.0 points lower. Push-pull values for antifactor Xa and drug levels (vancomycin and phenobarbital) were clinically consistent with values from standard draws, but the number of patients with levels was not sufficient for statistical analysis.
No increase in catheter occlusions or infections was associated with the project, as tracked by the hospital's vascular access team. Catheters were followed up to 7 days after a push-pull method draw and continued to be sampled from using standard practice. Over the course of the 4-month project, a total of 8 withdrawal occlusions (resolved when t-PA was used) were identified within this 7-day window, with the majority occurring between 3 and 7 days after a push-pull draw; 6 of the 8 occlusions were in PICCs and were evenly distributed among catheter sizes (2.6 Fr, 3 Fr, and 4 Fr). No catheter-related infections within 7 days of a push-pull draw were identified.
Several sampling errors, analysis errors, and problems with sample integrity occurred for both push-pull and standard practice draws during the project and were excluded from the dataset. The following samples or values were excluded: 2 push-pull samples presumed dilute because of a protocol error, 1 hemolyzed push-pull potassium value, 1 standard hemoglobin value presumed critically low because of a point-of-care
• Flush using push-pause technique.
• Discon nue the push-pull protocol if unable to withdraw and return 4 mL within a minute.
Nurses were given the following troubleshooting tips for inadequate blood return:
• Reposi on extremity where the catheter is located.
• Check for catheter kinks under the dressing.
• Withdraw blood using pull-pause technique: Pull back on the plunger in small increments and pause, so that blood fi lls the syringe at the same rate that the plunger is pulled back (promotes blood fl ow into the lumen of smaller-French catheters and prevents hemolysis).
For each draw, nurses filled out a short form indicating the following: patient, date and time of draw, type of laboratory sample(s) drawn, type of CVC, status of CVC (lock or infusion solutions), difficulties or troubleshooting, and any other comments. Forms were used to follow results and catheters for complications up to 7 days after a push-pull draw; samples were not treated differently. Samples drawn by the push-pull method were collected over a 4-month period. A within-subject design was used, in which laboratory values from push-pull samples were compared with the patient's preceding and following laboratory values drawn according to standard practice (discard method) using both clinical and statistical analysis.
From a large set of laboratory values, the following were chosen for analysis because of their relevance to treatment and clinical decisions:
• Metabolic: sodium, potassium, blood urea nitrogen, crea nine, glucose, calcium, albumin, magnesium, bilirubin • Hematology: white blood cell count, hemoglobin, hematocrit, platelets, absolute neutrophil count • Coagula on: ac vated par al thromboplas n me, PT, INR, fi brinogen, an factor Xa • Blood gas: pH, par al pressure of carbon dioxide, par al pressure of oxygen, base excess, ionized calcium, lactate • Other: C-reac ve protein Approximately 76% of coagulation tests were drawn from heparinized catheters, and 7% of metabolic tests were drawn from catheters infusing TPN; these conditions were similar for standard practice samples as well.
ANALYSIS
Results from push-pull method and standard samples were analyzed with statistical tools and evaluated for differences with clinical significance, defined as a potential to affect therapy. For statistical analysis, standard and push-pull samples were compared by taking the average value of each method within each subject and comparing these averages across subjects using a paired t test. The repeated nature of the data was also used in a linear mixed-effect model that included individual measures, with a binary fixed effect indicating 
DISCUSSION
Results of this project are consistent with previous research evidence supporting the safety and reliability of push-pull sampling. Additionally, this project supports the routine use of a standardized push-pull sampling method for most laboratory tests and CVCs and demonstrates that the pushpull method is comparable to discard method sampling for clearing contaminants such as TPN or heparin from a catheter when drawing metabolic or coagulation laboratory samples. While a statistically significant difference was found between glucose values in this project, the difference did not have clinical significance and was also within the accuracy margin ( ± 15%) required by the US Food and Drug Administration for glucose monitoring. 20 Nurses in most cases had positive feedback and were satisfied with the ease of the push-pull method. The effect of push-pull sampling on individual catheter complications could not be differentiated from the effect of standard practice sampling, as both methods were used; however, the overall absence of increased complications during the project suggests that the push-pull method does not increase the risk of catheter occlusion or infection. Because hemolysis was noted by the laboratory for only 1 push-pull sample during the project, it was not identified as a statistically significant risk.
A significant finding of this project is that the push-pull method can be used for sampling from pediatric PICCs, which have not been included in previous push-pull method studies and have a limited evidence base for blood sampling in general. Difficulty obtaining adequate blood return from 2.6 Fr PICCs, which are the smallest size used for blood draws, was reported several times and prevented push-pull sampling in 1 case; the ease of withdrawing blood through these small catheters was improved by pull-pause technique, but larger PICCs (3 Fr and greater) may be more suitable for routine push-pull sampling.
This project used coagulation tests drawn from heparinized catheters, which is controversial. Studies comparing coagulation values from heparinized catheters (venous or arterial) and peripheral samples do not agree on whether accurate values can be obtained from heparinized catheters or what discard volume is sufficient to prevent sample contamination. [21] [22] [23] [24] Push-pull coagulation values in this project were considered reliable based on comparisons with samples drawn from CVCs according to standard practice (discard method), not peripheral draws. However, push-pull values were all within either normal or clinically expected limits, which also supports the reliability of samples drawn using this method.
Limitations
To avoid the negative impact on patients of venipuncture pain or unnecessary blood loss, this project had several limitations including the comparison of push-pull method and standard samples not drawn simultaneously, as well as the comparison of push-pull samples with standard CVC draws versus peripheral venipunctures. Evaluation of catheter complications in this project was limited by the concurrent use of both push-pull and discard-method sampling. Additionally, in gathering data for some laboratory tests and CVCs, the project's small sample size was a limitation.
Research Implications
While the purpose of this project was to determine a standard push-pull protocol for the PICU setting, further research could determine a standardized push-pull protocol for other settings or universal use; a larger withdraw and return volume or more repetitions could be needed for accurate values from CVCs with a greater deadspace, or for levels of drugs highly absorbed by the catheter. For drug levels from dosing lumens and coagulation values from heparinized catheters, additional research comparing the push-pull technique versus the gold standard of venipuncture is recommended. The potential to sample from 2.6 Fr PICCs using the push-pull method is a finding of this project that merits further investigation with a larger sample size, or a protocol using smaller withdraw and return volumes, to determine whether blood return from these small catheters is adequate for routine push-pull sampling.
CONCLUSION
A standard, evidence-based push-pull protocol can be used routinely in the PICU as a simple, safe, and reliable CVC sampling method that protects patients from the negative impact of blood loss and anemia.
